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REMARKS 


This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE2 004/001 35 1 . The Preliminary Amendment also adds 
new claims 20-42. The new claims conform the claims to U.S. Patent and Trademark Office 
rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE2004/001351 includes an 
International Search Report, dated November 9, 2004, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 

Respectfully submitted, 


KENYON & KENYON 
Dated: [gjjglof By: A 0^ 


Gerard A. Messina 
(Reg. No. 35,952) 


One Broadway 

New York, NY 10004 

(212) 425-7200 
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METHOD FOR DETECTING IMPACT BY WAY OF AN UP-FRONT SENSOR SUITE, 
AND APPARATUS FOR CARRYING OUT THE METHOD 

Backgroun d F/eAf Of The Invention 

The present invention concerns an apparatus and a method for the up-front sensor suite, and 
concerns in particular an apparatus and a method for detecting impact of a moving object after 
.an impact, in particular of a vehicle, acceleration signals that have been captured in different 
5 acquisition axes being employed for impact classification. 

Background In formation 

Outlying sensors are used for detecting impact in restraint systems in the automotive industry. 
GEGerman Patent No. 196 09 290 C2, 290, for example, describes the use for frontal impact 
sensing of so-called outlying up-front sensors (UFS), which are located in the deformation zone 
10 so that in the early impact phase (crash phase), the intensity or severity of a crash can be 

detected by sensing the penetration behavior of a barrier into the crumple zone of the vehicle. 

One significant problem in terms of detection and classification of an impact is the fact that the 
up-front sensors themselves are deflected during the impact out of the detection position or 
acquisition direction provided for them, so that as a result of a change in acquisition direction, a 
1 5 corresponding acquisition accuracy is also reduced. 

To solve the problem, it has been proposed to employ sensors disposed in a fusion concept for 
triggering decisions. Disadvantageously, however, all the up-front sensors are disposed so that 
they sense in the vehicle's longitudinal axis (the X direction). Up-front sensors of this kind are 
usually mounted on the radiator crossmember or at similar installation locations. 

20 It is thus a substantial disadvantage of existing apparatuses for impact sensing that, an 

acceleration sensor disposed in the vehicle's longitudinal axis experiences a change in direction 
in the event of a vehicle impact, so that a measurement inaccuracy with regard to the acquired 
acceleration value can occur. 

A deflection of the sensor in this fashion causes a greater or lesser portion of important 
25 information to lost. This results in the further disadvantage that only a reduced sensor 
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information state can be made available to a downstream triggering algorithm for a connected 
restraint system. 


The mode of operation of the downstream restraint system is thus based on an incorrect sensor 
information state, which can disadvantageously result in improper function of the entire impact 
5 protection system. 

Advantages Summafy Of The Invention 

The apparatus according to the present invention for detecting impact having th e f e atur e s of 
Claim 1„ and the method according to the present invention having th e f e atur e s of Claim 13, , 
have the advantage, as compared with the known approach to achieving the object, that a 
10 reliable classification of the impact is possible even if an acquisition direction of the sensor 
device that serves for acceleration acquisition is modified during an impact. 

This object is achieved, according to th e pr e s e nt inv e ntion, by way of an apparatus having th e 
f e atur e s of Claim 1 . The object is further achieved by way of a method described in Claim 13. 

Furth e r implementations of th e inv e ntion ar e evident from the dependent claims. 

15 One essential concept of the invention consists in combining acceleration signals of different 
sensor devices, which are sensitive in different acquisition directions, with one another in such 
a way that in the event of a change in an acquisition direction of a sensor, the acceleration 
signals of further sensors can be employed to correct the sensor signal, modified by the 
modified acquisition direction, of the first sensor. The advantage thus exists that a first 

20 acceleration signal made available by a first sensor device can be corrected by way of further 
sensor devices that supply further acceleration signals, in order to obtain a corrected first 
acceleration signal with which a reliable classification signal for detecting impact can be made 
available. 

A further advantage of the present invention is therefore that even if an up-front sensor sensing 
25 in the vehicle's longitudinal direction deflects out of its defined sensing direction during the 
impact, a reduced information state in the triggering algorithm does not result in a delayed 
triggering, or in fact complete suppression of triggering, of restraint means or restraint systems 
of a vehicle. 

Advantageously, an evaluation unit detects the reduced information state so that the algorithm 
30 can recover the complete information by sensor data fusion. 
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By way of the sensor assemblage according to the present invention having additional 
acquisition axes, the situation of a reduced information state can advantageously be recognized 
and a fallback level can be switched to, in which context a triggering behavior without 
information from an up-front sensor suite can be determined. 

5 It is additionally advantageous that a sensor signal measured in the X direction that is distorted 
in its magnitude by the deflection is correctable by way of signals measured in other acquisition 
axes (Y and Z directions), in which context the corrected signal can ultimately be evaluated in 
the usual way by a triggering algorithm of a restraint system. 

It is additionally advantageous that the sensor device according to the present invention can be 
10 used for the detection of specific impact types or crash types or similar situations. 

It is thus useful that a reliable basis for generating a triggering decision is made available. 

It should be noted that the expression "impact of a moving object" refers to a change in the 
motion of the vehicle as a result of the impact, since the vehicle need not itself have been 
moving before the impact, i.e. it may have been struck by another impact object while 
15 stationary, or two (moving) objects may have impacted one another. 

According to a further preferred development of the present invention, the first and/or at least 
one second sensor device is embodied as an acceleration sensor. 

According to a further preferred development of the present invention, the evaluation device 
has a rotation sensing unit for determining a rotation of the moving object and for outputting a 
20 rotation signal as a function of the rotation. 

Advantageously, a deflection of an up-front sensor out of an original acquisition direction, or a 
rotation of the acquisition direction, can thereby also be sensed. According to yet another 
preferred development of the present invention, the evaluation device has a first impact 
strength determination unit for determining an impact strength in the acquisition direction that 
25 is coincident with the direction of motion of the moving object, and for outputting a first impact 
strength signal. 

According to yet another preferred development of the present invention, the evaluation device 
has a second impact strength determination unit for determining an impact strength in an 
acquisition direction that is in the direction of motion of the moving object, and for outputting a 
30 second impact strength signal. 

According to yet another preferred development of the present invention, the first and second 
sensor devices are made available as a single two-dimensional acceleration acquisition unit. 


NY01 1065672 vl 


MARKED-UP COPY 


Advantageously, the first and second sensor devices are integrated into an acceleration 
acquisition module. 


According to yet another preferred development of the present invention, the first and second 
sensor devices are made available as a single three-dimensional acceleration acquisition unit, 
5 the advantage being that the first and at least two second sensor devices can be integrated into a 
single acceleration acquisition module. 

According to yet another preferred development of the present invention, the first and second 
sensor devices have acquisition axes that are perpendicular to one another. According to yet 
another preferred development of the present invention, the acceleration acquisition modules 
10 are embodied in duplicate, and are disposed on the moving object with a lateral spacing from 
one another. 

According to yet another preferred development of the present invention, the evaluation device 
has a calculation unit for calculating the classification signal as a function of the rotation signal 
that is outputted by the rotation sensing unit and the first and second impact strength signals 
15 that are outputted by the first and second impact strength determination units. 

According to yet another preferred development of the present invention, the evaluation device 
has a correction unit for correcting, by way of the at least one second acceleration signal that is 
outputted by the at least one second sensor device, the first acceleration signal that is outputted 
by the first sensor device, and for outputting a corrected first acceleration signal. 

20 According to yet another preferred development of the present invention, two- or 

three-dimensional acceleration acquisition is made available by way of the first and second 
sensor devices. 

According to yet another preferred development of the present invention, the first acceleration 
signal is corrected by way of the at least one second acceleration signal in the correction unit 
25 that is included in the evaluation device, a corrected first acceleration signal being outputted 
from the correction unit. 

According to yet another preferred development of the present invention, the rotation of a 
moving object is determined, in the rotation sensing unit that is included in the evaluation 
device, in such a way that the acceleration signals of the individual acquisition directions are 
30 accumulated, i.e. geometrically added up. 

According to yet another preferred development of the present invention, switchover to a 
fallback level occurs if an acceleration acquired by the at least one second sensor device in an 
acquisition direction that is different from the direction of motion of the moving object exceeds 
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a predetermined proportion of the acceleration acquired by the first sensor device in an 
acquisition direction that is coincident with the direction of motion of the moving object. 

Drawings 

Ex e mplifying e mbodim e nts of th e inv e ntion ar e d e pict e d in the drawings and e xplain e d in 
5 more detail in the d e scription b e low. In th e drawings: 

Brief Description Of The Drawings 

Figure 14s shows a block diagram to illustrate a method for detecting an impact of a moving 
object, according to a preferred exemplifying embodiment of the present inventions 

Figure shows a block diagram of a further method for detecting an impact of a moving 
10 object, according to a further preferred exemplifying embodiment of the present invention^. 

Figure 3 shows, by way of example, a deflection of an up-front sensor system about a Y 

axis and a corresponding measured value correction^-and. 

Figure 4 shows, by way of example, a deflection of an up-front sensor system about a Z 

axis and sensor paths for sensor devices, embodied in duplicate, that are mounted on a moving 
1 5 object with a lateral spacing. 

Detailed Description Of Th e Ex e mplary Embodim e nts 

In the Figures, identical reference characters designate identical or functionally identical 
components or steps. 

The block diagram shown in Figure 1 illustrates a method for detecting an impact of a moving 
20 object 100, in particular of a vehicle, according to a preferred exemplary embodiment of the 
present invention. 

An evaluation device 301 according to the present apparatus encompasses, as essential 
components, a rotation sensing unit 303, a first impact strength determination unit 304, a 
second impact strength determination unit 305, a calculation unit 307, and an output device 302. 
25 The two second acceleration signals 202a and 203a are delivered to rotation sensing unit 303. 
Also delivered to the rotation sensing unit and to the first impact strength determination unit are 
the signals of first sensor device 101, in particular first acceleration signal 201. 
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A central acceleration signal 204 is delivered to second impact strength determination unit 305 
from a central sensor device (not shown). 

In first impact strength determination unit 304, a first impact strength signal 206 is determined 
from first acceleration signal 201 of first sensor device 101 by the fact that the signal of first 
5 sensor device 101 in an acquisition direction that is coincident with a direction of motion X (see 
below with reference to FIGS. 3 and 4) of moving object 100 is delivered and processed. 

The derivation of acceleration signals from conventionally available sensor devices for 
measuring an acceleration is known to one skilled in the art. 

Whereas first sensor device 101 outputs a first acceleration signal 201 as a function of an 
10 acceleration in the X direction (= direction of the vehicle's longitudinal axis), second sensor 
devices 102a and 102b are disposed so that they have an acquisition direction Y (= vehicle's 
transverse axis) and Z (= direction of the vehicle's vertical axis) that are different from direction 
X of moving object 100. 

In rotation sensing unit 303, a rotation of the sensor (and in general also of moving object 100) 
15 about the Y axis is sensed by the fact that sensor signals in, for example, the X direction and Z 
direction are vectorially added according to the equation 

Xeff — (X meas Z meas) > 

and a rotation about the Z axis according to the following equation: 

^eff = (X meas Y meas) 

20 The geometrical relationships in the context of a rotation of the sensor about the Y axis will be 
described below with reference to Figure 3, while a rotation about the Z axis will be described 
below with reference to Figure 4. Acceleration signals that were obtained from different 
acquisition directions or sensing directions are thus delivered to rotation sensing unit 303. 

Rotation signal 205 outputted by rotation sensing unit 303 is then analyzed in calculation unit 
25 307. In the calculation unit, a predetermination can be made as to when the system switches 
over to a fallback level. This fallback level can be, for example, the level made available when 
a defect is ascertained in an up-front sensor. 
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The calculation unit thus makes available an operating mode in which switchover to a fallback 
level occurs when an acceleration acquired by the at least one second sensor device 102a, 102b 
in an acquisition direction Y, Z that is different from longitudinal axis X of moving object 100 
exceeds a predetermined proportion of the acceleration acquired by first sensor device 101 in an 
5 acquisition direction that is coincident with longitudinal axis X of the moving object. In order 
to perform this calculation, the output signals of first and second impact strength determination 
units 304 and 305 are additionally delivered to calculation unit 307. 

The output signal of first impact strength determination unit 304 is delivered to calculation unit 
307 as a first impact strength signal 206 which reflects an impact strength in the X direction of 
10 motion of moving object 100, i.e. in acquisition direction X. This first impact strength signal 
206 is thus dependent on first acceleration signal 201 outputted by first sensor device 101. 

Also made available is a central impact sensing system (sensor device not shown) that centrally 
acquires an impact strength, a second impact strength signal 207 being outputted from second 
impact strength determination unit 305. As a result of the signals delivered to calculation unit 
15 307, i.e. the delivery of rotation signal 205, first impact strength signal 206, and second impact 
strength signal 207, sufficient information is then present to make available, in the context of an 
appropriate placement of first and second sensor devices 101, 102a, and 102b, two- and/or 
three-dimensional acquisitions of the acceleration direction. 

It is thus furthermore possible to sense an impact strength in directionally dependent fashion. 
20 This furthermore makes it advantageously possible to avoid a reduced information state, which 
can result in delayed triggering or in fact complete suppression of a triggering of restraint 
systems. 

The rotation detection or calculation system can be embodied, for example, in such a way that 
directed or absolute signal components that are acquired in the individual spatial directions are 
25 accumulated, so that acceleration signals 201, 202a, 202b of the individual acquisition 
directions X, Y, and Z are vectorially summed. 

This makes it possible to employ the acceleration signals known from the additional acquisition 
directions in order to make available the following procedures: 
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(i) Detection of a reduced information state and switchover to a fallback level, i.e. a level that is 
also used in the event of a defect in an up-front sensor, so that the triggering behavior can be 
determined without the information of the up-front sensor suite; 

(ii) Correction, by way of the measured signals from the Y/Z directions, of an acceleration 
5 signal measured in the X direction that is falsified in its magnitude by the deflection; and 

delivery of the corrected signal to calculation unit 307; and 

(iii) Determination and detection of impact types or crash types so that, advantageously, a 
triggering decision can continue to be generated. 

An accumulation as described above makes it possible to determine whether a sensor device 
10 has rotated beyond a permissible amount out of a defined acquisition direction, for example the 
X direction of motion. 

In calculation unit 307 it is thus possible to detect the exact situation of an impact on the basis 
of acceleration signals in multiple spatial directions. Advantageously, three sensor devices 101, 
102a, 102b, whose respective acquisition axes X, Y and Z are perpendicular to one another, are 
15 employed. A three-dimensional acquisition of the acceleration vector during a vehicle impact 
thus becomes possible. This three-dimensional acquisition of the acceleration vector provides 
the basis for indicating an impact type or crash type. 

The impact type can thus be determined on the basis of the direction and magnitude of the 
acceleration signal. This impact type is outputted from calculation unit 307 in the form of a 
20 classification signal 203 and delivered to output device 302. The classification signal outputted 
from output device 302 then serves further control purposes, for example for precise triggering 
of a restraint system of a vehicle. 

Figure 2 additionally shows a correction unit 306, contained in evaluation device 301, which is 
capable of outputting a corrected first acceleration signal 208. The remaining components and 
25 signals correspond to those shown in Figure 1 and are not explained in more detail here in order 
to avoid an overlapping description. 

As shown in Figure 2, both first acceleration signal 201 that is made available by first sensor 
device 101, and at least one second acceleration signal 201a, 201b that is made available by the 
at least one second sensor device 102a, 102b, are delivered to correction unit 306. 
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Acquisition of an acceleration in a direction that is different from the acquisition direction of 
first sensor device 101 thus makes it possible to correct first acceleration signal 201 made 
available by first sensor device 101. 

The correction in the context of a rotation of the sensor about the Y axis (see Figure 3) is 
5 described by the following equation: 

Xeflf — (X meas Z meas) > 

whereas a rotation about a Z axis ( Figure 4) is described by the following equation: 

Xeff = (X 2 m eas + Y 2 m eas) 1/2 - 

It is thus possible to determine an effective magnitude, designated in the above equations as Xefr, 
10 of the acceleration signal of the first sensor device, which as a rule is implemented as an 
up-front sensor, from the measured accelerations X mea s in the X direction and Zmeas in the Z 
direction or Y mea s in the Y direction. 

Figure 3 illustrates an example of a method, executable in correction unit 306, for correcting a 
rotation about the Y axis, which in this exemplifying embodiment of the present invention 
15 corresponds to a vehicle's transverse axis. A rotation of the sensor about the Y axis is brought 
about, for example, by a deflection of the mounting system of the up-front sensor when driving 
under a semi -trailer. First deflection angle [alpha], designated by a reference character 401, can 
assume a variety of values: 

a =0: continuous high barrier, such as a solid wall; 
20 a > 0: elevated barrier, e.g. driving under a semi-trailer; and 
Of < 0: low barrier, for example a sports car, etc. 

It is assumed in this context that up-front sensor 403 is mounted on a rigid retaining element 
402 that, in the context of an impact, rotates out of the X direction through an angle [alpha] 401 . 

Directions of action X mea s, Zmeas that yield the effective acceleration X e fr in X direction are also 
25 indicated in Figure 3. 

Lastly, Figure 4 shows an assemblage in which a first up-front sensor 403a and a second 
up-front sensor 403b are disposed on a common retaining element 402. The example shown in 
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Figure 4 depicts the case of a rotation by the moving object (vehicle) about the vertical axis (Z 
direction). 


Variables that can advantageously be used in a triggering algorithm as described above are also 
derived. The two up-front sensors 403a and 403b travel different distances in the context of the 
indicated deflection through a second deflection angle j8 505, which distances can be calculated 
using the equations below. For first up-front sensor 403a, for example, the following applies: 


whereas the distance traveled by second up-front sensor 403b is described by the following 
equation: 


In the above equations (1) and (2), variables ui and u 2 are calculated using the following 
equation: 


where the index i = 1, 2. 

The total motion distance traveled by the vehicle in the context of a deceleration or an impact is 
given by the following equation: 


from which the relative penetrations can be calculated. 

What therefore results is a value Si x - Secu for a relative penetration from the left front and S2 X - 
Secu for a relative penetration from the right front, whereas Si y - S2 y is obtained for a relative 
penetration from the left side, and S2 y - Si y for a relative penetration from the right side. 

The apparatus according to the present invention for detecting impact makes possible a timely 
switchover to a fallback level if a proportion of Y mea s with respect to X mea s exceeds a 
predetermined value. 



(i), 


s 2 = Ju 2 (t)dt 


u = d +d +d 

i ix ***i y u 
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Use of the relative penetration (or angle 0, i.e. second deflection angle 505) makes possible an 
impact classification, in terms of detecting an offset crash by way of a relative penetration front 
|left-right| » 0, detecting 100% overlap by way of a relative penetration |left-right| M), and 
detecting an angle by way of a relative penetration side |left-right| » 0. 

5 The apparatus and the method according to the present invention thus make it possible reliably 
to detect crash types and to control a triggering mechanism of a restraint system in accordance 
with the detected crash types. 

In the example shown in Figure 4 of a rotation about the Z axis, the two up-front sensors 403a, 
403b travel different distances, from which angle /?, i.e. second deflection angle 505, can be 
10 determined. This requires that the lateral sensor spacing D at which first and second up-front 
sensors 403a and 403b are mounted on retaining element 402 be known. 

The dashed lines in Figure 4 designate the respective sensor paths 503 and 504 traveled by the 
corresponding up-front sensors, i.e. first up-front sensor 403a travels first sensor distance 501, 
while second up-front sensor 403b travels second sensor distance 502. 

15 The overall sensor path for the two up-front sensors is depicted by the dashed line in Figure 4, 
i.e. a first sensor path 503 relevant to first up-front sensor 403a, and a second sensor path 504 
relevant to second up-front sensor 403b. 

It is thus possible to carry out a reliable impact type detection even if, during an impact, 
retaining element 402 rotates out of its originally provided location, for example, about the Z 
20 axis into the location depicted at reference character 402'. 

Although the present invention has been described above with reference to preferred 
exemplifying embodiments, it is not limited thereto but rather is modifiable in numerous ways. 

The invention is also not limited to the potential applications cited. 
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Abstract Of The Disclosure 
The invention creates an An apparatus for detecting impact of a moving object-(4-0©), in 
particular of a vehicle, having a first sensor device for acquiring an acceleration in a direction of 
motion (X)-of the moving object-fWO), an evaluation device (301) for evaluating the first 
5 acceleration signal (201) , and at least one second sensor device (102a, 102b) for acquiring an 
acceleration in an acquisition direction (Y, Z) that is different from the direction of motion (X) 
of the moving object-(±0©), a classification of an impact by way of a classification signal (203) 
being made available as a function of accelerations in at least two directions of motion (X, Y) or 
three acceleration directions (X, Y, Z) . 

10 (Figure 3) 
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